This paper describes the construction of second generation bandelet orthogonal bases. The decomposition on a bandelet basis is computed using a wavelet filter bank followed by adaptive geometric orthogonal filters, that require O(N) operations. The resulting geometry is multiscale and calculated with a fast procedure that minimizes a Lagrangian cost at each scale. Image compression with the resulting bandelet transform code gives significantly better results than a wavelet transform code.
INTRODUCTION

Geometry is Discrete and Multiscale
Working with digital data means working in a discrete setting. A wavelet transform [1] can be applied on the discrete data to obtain a multiscale representation of the original data. In order to go one step further, today image processing algorithms try to exploit some geometrical regularity of the underlying function. But we must keep in mind that this geometry has to be defined in a discrete setting. In this paper we give a theoretic and algorithmic approach to compute such a geometric representation in the discrete wavelet domain. An application to image compression will be shown.
Geometrically Regular Images
Functions with geometric regularity are modeled as piecewise C a -regular functions outside a set of edges which are themselves regular. However, natural images often do not have sharp discontinuities, so the model also includes some smoothing by an unknown kernel. The resulting functions can be written as a convolution f = f * h where f is a function with sharp features (regular outside a set of edges) and h is the unknown smoothing kernel. We call this class of functions C a -geometrically regular functions (see figure 1, (a)).
Standard wavelet bases [1] are optimal to represent functions with pointwise singularities. However they fail to capture the geometric regularity along the singularities of a surfaces, because of their isotropic support. For C a -geometrically regular functions, the distortion-rate of a wavelet image transform code with R bits satisfies
To exploit the anisotropic regularity of a surface along edges, the basis must include elongated functions that are nearly parallel to the edges. Our goal is to build a new class of orthogonal bases for which the distortion rate has an optimal decay.
Previous Works
Several image representations have been proposed to capture geometric image regularity, and in particular curvelet frames [2] and first generation bandelet bases [3] . However, these constructions are not built directly in the discrete domain, and they do not provide a multiresolution representation of the geometry. In consequence, the implementation and the mathematical analysis is more involved and less efficient.
Contourlets [4] are also bases constructed with elongated basis functions using the combination of a multiscale and a directional filter bank. Our approach is different because it constructs a basis with a multiscale geometry that is adapted to the function that is represented. Asymptotically, the resulting bandelets are regular functions with a compact support, which is not the case of contourlets. Wedgeprints of [5] also provide a discrete compression scheme that is built on top of a wavelet decomposition. However, it does not define a new orthogonal basis but rather a scheme to perform a vector quantization of orthogonal wavelet coefficients, using a model of step edges.
CONSTRUCTION OF A BANDELET BASIS
The bandelet decomposition is computed with a geometric orthogonal transform that is applied on orthognal wavelet coefficients. It is thus computed with a wavelet filter bank followed by directional orthogonal filters. Each geometric direction leads to a different transform, and one can find the optimal set of filters using a best basis algorithm.
To describe the construction of the geometric orthogonal filters, we consider a wavelet transform at a fixed scale 0-7803-9134-9/05/$20.00 ©2005 IEEE 2 j and we perform a zoom on the wavelet transform (by selecting a sub-square S), near a singularity (see figure 1) 
